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Bacterial abundance and community compositions have been examined in aeolian dust in order to clarify their possible 
impacts on public health and ecosystems. The influence of transcontinentally transported bacterial cells on microbial commu- 
nities in the outdoor environments of downwind areas should be determined because the rapid influx of a large amount of 
bacterial cells can disturb indigenous microbial ecosystems. In the present study, we analyzed bacteria in air samples (approx- 
imately 100 m 3 d -1 ) that were collected on both Asian dust days and non-Asian dust days over 2 years (between November 
2010 and July 2012). Changes in bacterial abundance and community composition were investigated based on their 16S rRNA 
gene amount and sequence diversity. Seasonal monitoring revealed that airborne bacterial abundance was more than 10-fold 
higher on severe dust days, while moderate dust events did not affect airborne bacterial abundance. A comparison of bacterial 
community compositions revealed that bacteria in Asian dust did not immediately disturb the airborne microbial community in 
areas 3,000-5,000 km downwind of dust source regions, even when a large amount of bacterial cells were transported by the 
atmospheric event. However, microbes in aeolian dust may have a greater impact on indigenous microbial communities in 
downwind areas near the dust source. Continuous temporal and spatial analyses from dust source regions to downwind regions 
(e.g., from the Gobi desert to China, Korea, Japan, and North America) will assist in estimating the impact of atmospherically 
transported bacteria on indigenous microbial ecosystems in downwind areas. 
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MICROBES AND 
ENVIRONMENTS 



Bacterial migration is a natural phenomenon promoted 
by ocean currents and atmospheric events. Aeolian dust is 
primarily found in arid and semi-arid regions. When a wind- 
sand stream occurs, microorganisms on dust particles can be 
lifted and transported over long distances by air currents. 
Major aeolian dust events arise from the Sahara and Sahel 
deserts (African dust), Australian deserts (Australian dust), 
and the Taklamakan Desert, Gobi Desert, and Loess Plateau 
(Asian dust). Bacterial abundance and community composi- 
tions have been examined in these aeolian dusts to clarify 
their possible impacts on public health and ecosystems (6-8, 
10, 18). 

Approximately 4,000,000 tons of Asian dust particles 
have been estimated to fall on Japan annually (24), which 
is 3,000-5,000 km from their source regions (China and 
Mongolia). Asian desert dust particles are known to be trans- 
ported long distances (13, 14), and even reach the North 
American Continent (more than 15,000 km away) (4, 16). 
Moreover, oceanic deposition has been shown to enhance 
phytoplankton growth in the North Pacific Ocean via natural 
iron fertilization (1). Previous studies reported that Asian 
dust particles can sometimes be transported globally in 13 
days (21) and have been identified in the ice and snow cores 
of Greenland (2) and the French Alps (9). We collected Asian 
dust particles using a small airplane, and subsequent bio- 
imaging and 16S rRNA gene analysis revealed that these 
samples carried phylogenetically diverse bacterial cells for 
thousands of kilometers, some of which retained growth 
potential in spite of the long distances they were transported 
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(23). Accordingly, the influence of these transcontinentally 
transported bacterial cells on microbial communities in out- 
door environments of downwind areas should be determined 
because the rapid influx of a large amount of bacterial cells 
has the potential to disturb indigenous microbial ecosystems. 

In the present study, we collected approximately 100 m 3 /d 
of air over 2 years (between November 2010 and July 2012) 
on both Asian dust days and non-Asian dust days (back- 
ground) and analyzed the samples for changes in the abun- 
dance and community composition of airborne bacteria. 
Airborne bacterial concentrations were measured by quanti- 
tative PCR targeting the eubacterial 16S rRNA gene, and 
both culturable and non-culturable airborne bacterial species 
were estimated based on their 16S rRNA gene sequences. 

Materials and Methods 

Sample collection 

Aerosol samples were collected on the rooftop of a building 
(ca. 20 m in height) of Osaka University in Osaka, Japan (latitude: 
N34°9T.89", longitude: E135°31'15.61") using an originally fabri- 
cated dust sampler that consisted of wet glass beads in a stainless 
steel can (volume: 2 L) and a sterilized Teflon inlet tube (23). A 
high- volume vacuum pump pulled 120 L min -1 of air into the sam- 
pler, and aerosol particles in the air were adsorbed onto the surface 
of the wet glass beads in the sampler. Aerosol particles from a total 
of approximately 100 m 3 of ambient air were collected during each 
sampling event (sampling time: approximately 14 h). Fifteen sam- 
ples were obtained on different days between November 2010 and 
July 20 1 2, including severe Asian dust days (12 November 20 1 0 and 
2 May 201 1) and moderate Asian dust days (10 April 201 1, 24 April 
2012, and 16 May 2012). The occurrence of atmospheric Asian dust 
was confirmed and the severity of the Asian dust event was also 
defined by information from the Japan Meteorological Agency, 
LIDAR (Light Detection and Ranging) data from the Ministry of the 
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Environment, Japan (http ://www-gis5 .nies .go jp/ eastasia/DustLider. 
php), and visibility at the sampling location (Supplementary Fig. 
SI). Aerosol samples collected on wet beads were suspended in 2.5 
L of particle-free water and used for the following experiments. 

Direct DNA extraction 

Aerosol samples (2 L of the 2.5 L suspension) were filtered onto 
0.4-pm pore size sterilized polycarbonate membrane filters (Toyo- 
roshi, Tokyo, Japan). DNA was then extracted and purified using the 
method described by Tsai and Olson (20). 

Cultivation of bacteria in aerosol samples and DNA 
extraction 

Aerosol samples (1 mL of the 2.5 L suspension) were inoculated 
into 9 mL of PYG broth (5 mg mlr 1 peptone, 2.5 mg mlr 1 yeast 
extract, and 1 mg mlr 1 glucose), 1% PYG broth, 0.05% yeast 
extract, or R2A broth (Nihon Pharmaceutical, Osaka, Japan). 
Samples were then incubated at 25°C for 7 d with slow shaking, 
after which bacterial DNA was extracted and purified using the 
Wizard Genomic DNA Purification Kit (Promega, Madison, WI, 
USA) according to the manufacturer's instructions. The final sample 
elution volume was 25 pL in TE buffer (10 mM Tris-HCl and 1 mM 
EDTA [pH 8.0]). 

Amplification ofl6S rRNA using nested-PCR for DGGE analysis 

Nested-PCR was performed to amplify the 16S rRNA gene for 
DGGE analysis. In the first round of PCR, nearly full-length 16S 
rRNA gene sequences of the bacterial domain were amplified using 
the universal primers 8f (5) and 1492r (22). PCR amplification was 
performed using the reagents supplied with AmpliTaq Gold 
(Applied Biosystems, Carlsbad, CA, USA). The reaction mixture 
contained 0.05 U mL -1 AmpliTaq Gold, 0.5 pM of each primer, 0.2 
mM of each dNTP, 1.5 mM MgCl 2 , 25 pg mL -1 8-methoxypsoralen 
(dissolved in dimethyl sulfoxide; Sigma Aldrich, St. Louis, MO, 
USA), and 0.1 mg mL -1 bovine serum albumin (Takara Bio, Shiga, 
Japan) in the PCR buffer (49 pL). A 1 pL DNA suspension was 
finally added after irradiation of the PCR mixture with UV light 
(15). The reaction cycle consisted of an initial denaturing step at 
95°C for 15 min, followed by 25 cycles of denaturing at 95°C for 
1 min, annealing at 42°C for 1 min, and extension at 72°C for 2 min, 
with a final extension step at 72°C for 10 min. Primary PCR pro- 
ducts were then purified using the MonoFas PCR Purification Kit 
(GL Sciences, Tokyo, Japan) and eluted with 40 pL of TE buffer. 
The variable V6-V8 regions of the 16S rRNA gene fragments were 
then amplified by a second round of PCR using the primers 
GC-clamp-EUB f933 and EUB rl387 (1 1). The PCR mixture con- 
tained 0.05 U/ml AmpliTaq Gold, 0.4 pM of each primer, 0.2 mM 
of each dNTP, 3 mM MgCl2, 12.5 pg mL 1 8-methoxypsoralen, 
and 0.2 mg mL 1 BSA in the PCR buffer (98 pL). A 2 pL DNA 
suspension was finally added after irradiation of the PCR mixture 
with UV light (15). The reaction cycle consisted of an initial dena- 
turing step at 95°C for 10 min, followed by 20 cycles of denaturing 
at 95°C for 1 min, annealing for 1 min at 66°C to 56°C (decreased 
by 0.5°C per cycle), and extension at 72°C for 3 m. Five additional 
cycles were performed as follows: denaturing at 95°C for 1 min, 
annealing at 56°C for 1 min, and extension at 72°C for 3 min with a 
final extension step at 72°C for 7 min. 

DGGE analysis 

Secondary PCR products were purified and concentrated using 
the MonoFas PCR Purification Kit (GL Sciences), followed by 
elution with 20 pL of DNA-free water. DNA concentrations were 
determined using a Biospec-Nano Spectrophotometer (Shimadzu, 
Kyoto, Japan). Briefly, 150-200 ng of DNA was loaded onto a 
6.5% (w/v) polyacrylamide gel (acrylamide/bisacrylamide [37.5:1]) 
in lx TAE buffer (40 mM Tris-HCl, 20 mM acetic acid, 1 mM 
EDTA [pH 8.0]) with a denaturing gradient ranging from 40 to 70%. 
The denaturant (100%) consisted of 7 M urea and 40% formamide. 



Electrophoresis was conducted at 55°C for 10 min at 20 V, followed 
by 16 h at 80 V. After electrophoresis, the gels were stained with 1 x 
SYBR Gold nucleic acid gel stain (Invitrogen, Carlsbad, CA, USA), 
and digital images were captured using the Gel Doc XR system 
(Bio-Rad Laboratories, Hercules, CA, USA). 

Sequencing of DGGE fragments 

All bands in the DGGE gel of 16S rRNA fragments were excised 
with a razor blade and soaked in DNA-free water at 4°C overnight. 
The DNA sample was then subjected to PCR amplification using the 
EUB f933 and EUB rl387 primers (11). PCR products were then 
purified with the MonoFas PCR Purification Kit and cloned into the 
pGEM-T-easy Vector System (Promega) using Escherichia coli 
JM109 as the host. The clones were then subjected to PCR using the 
M13 primers. The diluted PCR products were then further amplified 
using the GC-clamp-EUB f933 and EUB rl 387 primers, after which 
DGGE was performed. Clones were sequenced and then phyloge- 
netically analyzed. The sequencing of selected clones was per- 
formed on a CEQ8000 DNA Genetic Analysis System (Beckman 
Coulter, Indianapolis, IN, USA) with M13 primers. Base-calling of 
sequence trace data was performed using the CodonCode Aligner 
version 3.7.1 (CodonCode Corporation, Dedham, MA, USA). 
Sequences were aligned using Clustal W, and phylogenetic trees 
were constructed using the Maximum-likelihood method. Sequence 
homologies were searched with the blastn program from the DNA 
Data Bank of Japan (DDBJ; http://www.ddbj.nig.ac.jp). 

Random cloning 

Genomic libraries were constructed from the following four 
samples: 12 November 2010 and 2 May 2011 (severe Asian dust 
days), and 18 January 2012 and 17 July 2012 (non-Asian dust days). 
To accomplish this, PCR products amplified using the universal 
primers EUBf933 and EUBrl387 were cloned into the pGEM-T- 
easy Vector System. The 16S rRNA gene fragments of a hundred 
clones were then randomly selected from each aerosol sample and 
sequenced by Fasmac (Greiner Japan, Tokyo, Japan). These 
sequences were analyzed by the ribosomal database project (3). 

Quantitative real-time PCR 

To determine bacterial abundance, 16S rRNA gene occurrence 
was quantified by real-time PCR using a LightCycler (Roche 
Diagnostics, Mannheim, Germany). Real-time PCR was performed 
with eubacterial primer sets according to the procedure described by 
Yamaguchi et al. (23). A total of 1 x 10' to 1 x 10 7 copies/reaction 
of PCR products of E. coli W3110 were used as the standard DNA 
template to generate a standard curve to quantify the 16S rRNA 
gene. 

Nucleotide sequence accession numbers 

The sequences obtained in this study were deposited in the DNA 
Data Bank of Japan (DDBJ) and assigned accession numbers 
AB776048 to AB776648. 



Results and Discussion 

Changes in bacterial abundance in outdoor environments 
following Asian dust events 

The abundance of airborne bacteria was determined by 
quantitative PCR targeting the eubacterial 16S rRNA gene 
(Table 1) in samples collected during severe dust events (Al 
and A3), moderate dust events (A2, A4, and A5), and on non- 
Asian dust days (Nl to N10). The source of dust particles 
during these severe Asian dust events was estimated to be the 
Gobi desert (Supplementary Fig. S2). Seasonal monitoring of 
airborne bacterial abundance revealed that it was more than 
10-fold higher on severe dust days, while moderate dust 



84 



YAMAGUCHI et al. 



Table 1. Abundance of airborne bacteria collected in outdoor envi- 
ronments determined by quantitative PCR targeting the 16S 
rRNA gene 



Sample 
number 


Sampling 
Date 


Slpvpvitv of 
Asian dust* 


16S rRNA 

gene 
(copies/m 3 ) 


Estimated 
Bacterial 
number** 
(cells/m 3 ) 


A 1 

A 1 


1 o M/,17 on 1 a 
tz JNOV. ZU1U 


++ 


1 v 1 A5 

1 x tu 


£ v ia3 1 v 1 A5 
o x 1U — I x 1U 


A3 


1 A A T A 1 1 

1U Apr. zUl 1 


+ 


~> ^ 1 A4 

z x 10 


1^1 A3 Ivl A4 

1 x 1 U — Z X 1U 




z May zUl l 


++ 


1 v 1 A5 
Z x tU 


Z x lU — Z x lU 


M 1 
IN 1 


1 < OA 1 1 

1 j aep. zUl t 




1 v 1 A3 

1 x tu 


1 v 1 A2 1 v 1 A3 
1 x 1U — 1 x 1U 


N2 


7 Nov. 2011 




5xl0 2 


3xio'-5xl0 2 


N3 


15 Dec. 2011 




4xl0 3 


3xl0Mxl0 3 


N4 


18 Jan. 2012 




3xl0 3 


2 x 10 2 -3xl0 3 


N5 


7 Feb. 2012 




2xl0 3 


2 X 10 2 -2 X 10 3 


N6 


6 Mar. 2012 




3xl0 3 


2xl0 2 -3xl0 3 


N7 


12 Apr. 2012 




7xl0 3 


5xl0 2 -7 x 10 3 


A4 


24 Apr. 2012 


+ 


4xl0 3 


3xl0Mxl0 3 


N8 


26 Apr. 2012 




lxlO 4 


7 X 10 2 -1 X 10 4 


A5 


16 May 2012 


+ 


8xl0 3 


1 X 10 2 -8 X 10 3 


N9 


30 May 2012 




7xl0 2 


5 X 10'-7 X 10 2 


N10 


17 Jul. 2012 




lxlO 3 


8 X 10'-1 X 10 3 



* Determined by information obtained from the Japan Meteorological 
Agency, LIDAR, and visibility at the sampling site. ++: severe dust 
event, +: moderate dust event, -: no dust event. 

** Bacterial cells carry 1-15 copies of the 16S rRNA gene in their 
genome. 



events did not affect airborne bacterial abundance. Bacterial 
abundance on non-Asian dust days was less than 10 4 cells m~ 3 
and seasonal variations in airborne bacterial abundance were 
not observed. 

Changes in the airborne bacterial community in outdoor 
environments following Asian dust events 

DGGE was used to estimate changes in the airborne bacte- 
rial community following Asian dust events. The sequences 
of 189 bands on DGGE gels were determined (14 bands from 
uncultured bioaerosol samples collected on Asian dust days, 
1 8 bands from cultured samples collected on Asian dust days, 
78 bands from uncultured samples collected on non-Asian 
dust days, and 79 bands from cultured samples collected on 
non-Asian dust days). Negative control samples (particle-free 
sterilized water) were analyzed and the results obtained con- 
firmed that no PCR products were detected in any negative 
control sample after nested PCR. Phylogenetically diverse 
bacteria were confirmed to exist in the outdoor air and air- 
borne bacteria found during Asian dust events (Firmicutes, 
Bacteroidetes, Actinobacteria, and Proteobacteria) belonged 
to the same phyla present on non-Asian dust days (back- 
ground air) (Fig. 1). We focused on culturable airborne bacte- 
ria to investigate what species maintained growth potential 
following atmospheric transport (Fig. 2). Although no spe- 
cific bacteria were found to be associated with Asian dust 
events, Firmicutes and Proteobacteria were more frequently 
detected in cultured bioaerosol samples (Fig. 2) than in uncul- 
tured bioaerosol samples (Fig. 1) collected on Asian dust 
days. Firmicutes (Bacillus spp.) found in Asian dust is gener- 
ally found in dust source regions (23) and can form spores to 
facilitate atmospheric survival. Some Proteobacteria found 
in Asian dust were similar to Sphingomonas spp., which is 
found in sea water. Asian dust often carries a mixture of dust 
particles and marine aerosols to Japan (12) because the dry 
stream of Asian dust absorbs wet marine aerosols when it 



passes over the Sea of Japan. Therefore, Proteobacteria may 
be recent dust contaminants via marine aerosols and, as such, 
can maintain their viability. 

Airborne bacterial communities on Asian dust days and 
non-Asian dust days were further analyzed using a clone 
library to compare the phylogenetic compositions of bacteria 
in bioaerosols (Fig. 3). A rarefaction curve indicated that the 
expected richness at the phylum level was almost reached 
(Supplementary Fig. S3). Differences were observed in the 
airborne bacterial community compositions between two 
severe Asian dust days (12 November 2010 and 2 May 201 1); 
however, Actinobacteria dominated both of these samples, 
accounting for 30% of the total bacterial community. 
Firmicutes dominated the bacterial community on 12 
November 2010 (approximately 50% of the total), while 
Proteobacteria dominated on 2 May 2011 (approximately 
50% of the total). These bacterial community compositions 
on Asian dust days also differed from those observed on 
non- Asian dust days (18 January 2012 and 17 July 2012). 
Marked differences were also noted in the airborne bacterial 
community compositions between these non-Asian dust days 
(Fig. 3). 

The airborne bacterial community compositions of sam- 
ples collected on these two Asian dust days differed from 
those in Asian dust collected over the Sea of Japan (10 km 
from the coast at an altitude of 900 meters), which had just 
reached the main island of Japan. The bacterial community 
composition of Asian dust collected on 12 November 2010 
over the Sea of Japan at an altitude of 900 m by a small air- 
plane was as follows (23): Bacteroidetes (28%), Firmicutes 
(23%), Proteobacteria (18%), Actinobacteria (16%), 
Acidobacteria (6%), Deinococcus-Thermus (2%), and others 
(7%), while that of bioaerosols collected in the outdoor envi- 
ronment (rooftop) was dominated by Firmicutes (45%). The 
bacterial community composition of Asian dust collected on 
2 May 20 1 1 over the Sea of Japan at 900 m altitude was as 
follows (23): Firmicutes (30%), Bacteroidetes (24%), 
Actinobacteria (23%), Proteobacteria (12%), Acidobacteria 
(5%), Deinococcus-Thermus (3%), and others (3%), while 
that of bioaerosols collected from an outdoor environment 
(rooftop) was dominated by Proteobacteria (48%). Severe 
Asian dust events delivered higher concentrations of bacteria 
(Table 1); therefore, the bacterial composition of Asian dust 
collected over the Sea of Japan and bioaerosols collected in 
outdoor environments should be similar if the bacteria in 
Asian dust events reached our sampling site. However, the 
results obtained in the present study indicate that this did not 
occur. Bioaerosols in outdoor environments were collected 
from the rooftop of a university building in the suburbs at a 
height of 20 m. The distance between the sampling point over 
the Sea of Japan and the university building is 160 km, and 
there are mountains (altitude: 700-1,200 m) as well as resi- 
dential areas between them (Supplementary Fig. S4). When a 
severe Asian dust event occurred, the bacterial community in 
the Asian dust may have mixed with the indigenous airborne 
bacteria communities in these outdoor environments before 
reaching the sampling point on the rooftop. Culturable 
Proteobacteria found in Asian dust were similar to 
Methylobacterium, Pseudomonas, and Enterobacteriales 
(Fig. 2). These viable bacteria may be recent dust contami- 



Asian Dust and Airborne Bacterial Community 



85 



Dcinmri, i iti muni/vi 



" Cttrviiehitcleritim nuis/ciac 

J 120207 

I 1 Corv/whactcr/um aft'nncnmns 

120207 

. 1 Propio/iib(ii:!,:hiim ui:n,:s 

120207 
I I'riedmartiiieUit lacustris 

[111215 

H" 111215 
11 1107 

. 1 Rothiu ik-iriui ttri'isn 

1 120207 

I 1 Micrococcus vunnanensis 

120530 
Cc/iulosilylicum lent ace Hum 
120 306 

j I. uctoni factor lowzovijnrmis 

__ 120306 

_ I Clostridium glycirijuzi/iiiyticum 

120530 

f~ I'urit ilvn tcr ■s<jw>iti>iis 

1 — 120412 

Caniobaclcriiim in hi hen* 



~ 1 20530 



Aniplubat iRiis tropicu 



_| \ !i in. ,:as hi-.'vii us 
L 120412 

J Staphylococcus 

I 120306 

1 120530 

r 120207 
S!:iph:ii;:-i 
' 120530 
120118 
Slaphviiiri 
110410 

__ir™ 

H 120207 
I Stapiiyioir, 
L - H 120207 
120530 



ia- i',i:/oiuni 



Staphylococcus cohnii 
|— 1*120207 



i-pidcnit!,i/s 
hi'iii.ini.-. 



Ch/s:/'td/uin septicum 
120530 , , , ... 

Cystohnclrr /annus 




Cyanobacteria 
Deinococcus 
-Thermus 



Aclinobacleiia 



Firmicutes 



Deltaproteobacteria 



Gammaproteobacteria 



Betaproteobacteria 



Alphaproteobacteria 



Bacteroidetes 



Acidobacreha 



Meihanoculdococc 



Fig. 1. Maximum-likelihood phylogenetic tree of airborne bacteria based on the 16S rRNA sequences of DGGE fragments. Bacteria collected on 
Asian dust days are shown as bold characters. 
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Fig. 2. Maximum-likelihood phylogenetic tree of culturable airborne bacteria based on the 16S rRNA sequences of DGGE fragments. Bacteria 
collected on Asian dust days are shown as bold characters. 
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12 Nov. 2010 
(Asian dust ++) 



2 May 2011 
(Asian dust ++) 
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| Chloroflexi 
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18 Jan. 2012 
(Asian dust -) 



17 July 2012 
(Asian dust -) 



Fig. 3. Relative abundance of the most common bacterial phyla of 
airborne bacteria in outdoor environments. 



nants from the soil and wastewater treatment plants between 
the Sea of Japan and the sampling point (university building). 
Bacterial abundance in general soil environments is 1 0 9 — 1 0 1 1 
cells g" 1 , and bacterial abundance in Asian dust was found to 
be 10 5 cells m~ 3 (23). Therefore, mixing of even a small 
amount of soil particles with bioaerosols can change their 
community composition. Similar to our results, Smith et al. 
reported that Asian long-range transported air plumes deliv- 
ered higher concentrations of microbes, while the bacterial 
community compositions in these air plumes were similar to 
those in the background air at their sampling point (Mt. 
Bachelor, Oregon, USA; 2,800 m above sea level) (19). Their 
sampling point was 13,000 km from the dust source region, 
and the bacterial community in this air plume was assumed to 
have markedly changed from the original community during 
this long-range transportation. 

Conclusions 

In the present study, we demonstrated that bacteria in 
Asian dust did not immediately disturb airborne microbial 
communities in downwind areas 3,000-5,000 km from the 
dust source regions, even though large amounts of bacterial 
cells were transported by these severe atmospheric events. 
However, phylogenetically diverse bacterial groups with 
physiological activity are known to be transported by Asian 
dust events (23); therefore, it can be assumed that these 
transported bacteria affect the indigenous microbial ecosys- 
tems of large downwind areas such as Korea, Japan, and the 
Pacific islands on a geological time scale. Aeolian dust events 
may contribute to the global migration of bacterial cells and 
their genes, and can consequently be important sources of 
bacterial diversity in the earth's ecosystem. 

The results obtained in this study provide fundamental 
information for examining the effects of long-range trans- 
ported bacteria on public health and ecosystems in downwind 
areas. The amount of Asian dust fallout is estimated to be 180 
g m~ 2 year -1 in Beijing, China (17) and 1-10 g m~ 2 year -1 in 
Japan (24). Microbes in aeolian dust should have a greater 
influence on indigenous microbial community compositions 
in downwind areas near the dust source. Continuous temporal 



and spatial analyses from dust source regions to downwind 
regions {e.g., from the Gobi desert to Beijing [China], Seoul 
[Korea], Osaka [Japan], Hawaii, and North America) will 
assist in estimating the impact of atmospherically transported 
bacteria on indigenous microbial ecosystems in downwind 
areas. 
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